Introduction
Since the work on the Fe 3+ /Fe 2+ redox couple in phospho olivines was first reported in 1997, LiFePO 4 has been intensively studied as a promising cathode material [1] [2] [3] [4] for the next generation of lithium-ion batteries because of its low cost, safety and environmental compatibility. Numerous studies have 20 attempted to improve the electrochemical performances of the material and to get deeper insight in the lithium electrochemical mechanism [5] [6] [7] [8] [9] . On the other hand, attempts have been made to enhance the potential of olivine cathode materials by using manganese phosphate instead of iron phosphate 3, 10 .
Despite the recent advances in cycling insulating materials, thanks to nano-coating techniques and new preparation routes 11, 12 and even though some authors have reported promising results [11] [12] [13] , LiMnPO 4 is 25 not used as active material in lithium battery. This is due to the fact that it shows much lower effective energy density than the lithium iron phosphate owing to the low practical capacity evidenced. In addition, LiMnPO 4 requires very slow charge and discharge rates 2, [14] [15] [16] . The main reason on that is the 2 large kinetic barrier at the mismatched interface of MnPO 4 /LiMnPO 4 4 . It is also worth noticing that during the charge, LiMnPO 4 exhibits higher volume change than LiFePO 4 2, 15, 17 .
A good compromise between LiFePO 4 and LiMnPO 4 is the partially substituted phases LiMn y Fe 1-y PO 4 3, 15, 18 , that would introduce the advantage of combining good electrochemical performances of LiFePO 4 with a higher potential for manganese (~ 4.1 V compared with ~ 3.4 V vs. Li + /Li for iron) in 5 order to enhance the energy density.
It is however not yet clear which composition has to be preferred for practical application. purity from Aldrich) taken in stoichiometric quantities. The precursors were first ball milled during 90 minutes and then thermally treated in a furnace under argon flow at 600 °C. 
Characterization of Materials
After preparation, the compounds were crushed in an agate mortar and powder XRD (PHILIPS X'Pert MPD θ-2θ diffractometer equipped with the X'celerator detector) patterns were recorded using Cu Kα radiation (λ = 1.5418 Å) and a nickel filter.
The residual carbon content was evaluated by a Flash EA 1112 analyser based on the Dynamic Flash 5 Combustion which produced complete combustion of the sample followed by an accurate and precise determination of the elemental gases produced. 57 Fe Mössbauer spectra were recorded in the constant acceleration mode and in transmission geometry on a standard Mössbauer spectrometer composed of electronic devices from Ortec and Wissel. A 57 Co(Rh) source with a nominal activity of 370 MBq was used. The source and the absorber were always kept at RT. All the isomer shifts are given relative to 10 α-Fe at RT.
Electrochemical behaviour
Electrodes containing 80 wt. % sample and 20 wt. % carbon black were prepared for cycling tests. Mössbauer spectroscopy measurements for both LiMn y Fe 1-y PO 4 (y = 0.5; 0.75) electrodes using an electrochemical cell designed especially for this aim 27 .
To preserve beryllium window from the oxidation due to high working voltage, it was covered by a 20 2 µm thick foil of pure aluminium (Goodfellow). Here, the cells were charged and discharged using a 
Results and discussion
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XRD patterns of the obtained powders are given in Figure 1a . As it can be seen, the powder are free of any crystalline impurity.
All the diffraction peaks can be indexed in the orthorhombic Pnma space group. Lebail method 28 has been used to estimate the lattice parameters respectively a = 10.368 ( In the third region (~ 0.16 ≤ x < 0.5, shown in red in Figure 6a , the two-phase character is more Figure 10 clearly shows a very similar tendency of the two parameters. This interesting result suggests that it is possible to predict the reaction potential from iron Mössbauer data as reported by Naille et al. for tin compounds 37 .
25
Finally we observed an excellent capacity retention over 100 cycles for all the studies compositions (see Add. Data). Although the substitution of iron with manganese does not improve the capacity
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(since it decreases with the manganese content), the possibility of tuning the working voltage may be useful for some applications as electric hybrid cars.
Conclusion
In this paper we report a comparative operando study for LiMn 
